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ABSTRACT

Vaccine hesitancy has dramatically decreased the speed of vaccination and stalled global health devel-
opment. While the factors influencing vaccine hesitancy and mitigation measures have been explored in
depth by existing studies, research from the perspective of human interaction is lacking. Based on the
theory of collective action, this paper analyzes how free riding behavior affects vaccine hesitancy and
how the vaccine hesitancy caused by free riding behavior can be solved. Using 2,203 survey data sets
from China, this paper examines the influence of the collective action dilemma - represented by free
riding behavior - on COVID-19 vaccine hesitancy. The empirical results show that the existence of free
riding behavior is an essential cause of vaccine hesitancy. Based on this conclusion, this paper discusses
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how to further alleviate the problem of vaccine hesitancy caused by collective action dilemmas by
promoting cooperation. The findings of this paper may be helpful to promote various types of vaccines
and further suggest that countries should assume the perspective of solving the collective action

dilemma to achieve increased vaccination rates.

Introduction

Vaccination programs can contain epidemics of devastating
diseases and save millions of lives each year, thus providing
enormous benefits for individuals and societies."” For
many diseases, the success of vaccination plans depends
on public acceptance of vaccination. Although vaccination
has proved to be very effective in reducing the mortality
and incidence rate of many infectious diseases, fears asso-
ciated with undermined public trust and acceptance of
vaccines continue. In certain regions of developed coun-
tries, outbreaks of various epidemics, including measles,
polio, diphtheria, and pertussis, are mainly related to
unvaccinated individuals or communities.>

Vaccine hesitancy undermines vaccination coverage world-
wide and delays the formation of herd immunity.” The pre-
valence of vaccine hesitancy over several decades has resulted
in its inclusion in the list of the top 10 global health threats by
the World Health Organization (WHO) in 2019.2 COVID-19
is a newly emerging infectious disease, and the uncertainty of
newly developed vaccines may further exacerbate public con-
cerns about vaccination.” This means that vaccine hesitancy
also plays a crucial role in the vaccination campaign in
response to the COVID-19 pandemic, identifying it as
a significant public health threat. Therefore, getting people to
overcome vaccine hesitancy and promote the vaccination pro-
cess of various kinds of vaccines is one of the critical challenges
global public health continues to face.

Existing research on vaccine hesitancy mainly focuses on the
influencing factors and solutions of vaccine hesitancy.
Regarding the factors that influence vaccine hesitancy, scholars
specifically discussed factors such as population, vaccine

accessibility, cost of vaccination, personal responsibility, risk
perception, preventive measures, trust in health authorities
and vaccines, safety and efficacy of vaccines, and other informa-
tion about vaccines. Regarding solutions for vaccine hesitancy,
scholars focused on how people’s willingness to accept vaccina-
tion can be increased, the feasibility of compulsory vaccination,
and how to improve the convenience of vaccination. During the
COVID-19 pandemic, research on vaccine hesitancy has added
considerable new data to previous research conclusions. First,
because of the short research and development time of COVID-
19 vaccines and the complex information dissemination chan-
nels, people were skeptical about the safety and effectiveness of
the COVID-19 vaccine. Compared with other vaccines, this
made vaccine hesitancy more likely. Second, regarding the solu-
tion to vaccine hesitancy, most scholars believe that to increase
people’s willingness to accept vaccination, accurate and detailed
information should be provided to the public through reliable
and convenient channels. Third, the vaccination of leaders,
healthcare workers, and others can also set an example for the
public and improve the COVID-19 vaccination coverage rate. In
general, although the academic community has profoundly dis-
cussed the research on vaccine hesitancy by employing phenom-
enological analyses, the existing research has not arrived at
a universal and general explanation of the causes of vaccine
hesitancy. This research gap prevents decision-makers from
forming a global consensus on how to alleviate vaccine hesi-
tancy, thus slowing down the process of continuous improve-
ment of the global public health status.

As a universal social dilemma, the collective action
dilemma caused by free riding behavior has long puzzled
researchers and practitioners across many fields. At present,
the impacts of the collective action dilemma have been
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observed in common resources management, food safety
management, environmental management, urban manage-
ment, and other fields involving public organizations, public
safety, and public health.'®"'* Together, from the perspective
of collective action, public problems provide the academic
circle with a clear and unified idea for understanding,
explaining, and solving relevant problems. Therefore, the
theoretical logic of collective action has become
a systematic, emerging, and fruitful perspective for diagnos-
ing problems in the public sphere.

This paper addresses the following two main questions: (1)
Can the free riding behavior problem provide a valid perspec-
tive to explain the causes of vaccine hesitancy? (2) How can the
impact of the free riding behavior problem on vaccine hesi-
tancy be mitigated? Many phenomena reflect the correlation
between vaccine hesitancy and free riding behavior. This paper
takes the vaccination with the novel COVID-19 vaccine as
example. Based on a questionnaire survey from China, the
correlation between the collective action dilemma and vaccine
hesitancy is explored. Further, the possibility of adopting
selective incentive and collective action measures in the pro-
cess of solving the vaccination collective action dilemma is
discussed. Finally, this paper discusses feasible solutions to
mitigate the impact of free-riding behavior on vaccine hesi-
tancy from the following two aspects: the use of incentives or
penalties to get people vaccinated and the participation of
multiple subjects in public health governance. This paper
suggests that addressing vaccine hesitancy requires a multi-
faceted approach that involves education, incentives, and
penalties. By working together, individuals, communities,
and governments can help to ensure that everyone has access
to safe and effective vaccines and can enjoy the benefits of herd
immunity.

This paper contributes to the literature in the following two
aspects: On the one hand, by studying COVID-19 vaccine
hesitancy, this paper contributes a new variable to the factors
affecting vaccine hesitancy; on the other hand, scholarly
research on collective action theory primarily focuses on
small-scale, regional, and closed public resource governance,
without discussing large-scale, cross-border, and open com-
mons. This paper discusses the relationship between collective
action dilemmas and vaccine hesitancy. In fact, it is an explora-
tion and attempt to push collective action theory into the
broad field of human behavior.

Literature review
General influencing factors of vaccine hesitancy

Based on existing research, the factors influencing vaccine
hesitancy can be subdivided into demographic factors influen-
cing vaccination (e.g., race, age, gender, pregnancy, education,
and employment). Other factors are the accessibility and cost
of vaccination, personal responsibility, risk perception, pre-
cautionary measures taken based on the decision to vaccinate,
trust in health authorities and vaccines, safety and efficacy of
novel vaccines, and access to vaccine information.
Demography is discussed first: Race, age, sex, pregnancy,
education, and employment are common demographic factors

influencing vaccine hesitancy. Mesch and Schwirian (2015)
argued that Caucasian and Hispanic populations living in the
USA are more likely vaccinated than black populations.”
Ferrante (2011), Myers and Goodwin (2011), Rénnerstrand
(2013), and Mesch and Schwirian (2015) suggested that older
people are more likely to be vaccinated than younger
people.’>™'® Ferrante (2011) and Gilles (2011) suggested that
men are more likely to be vaccinated than women and that
men commonly believe that vaccination is more effective than
women.'®'® Hilton and Smith (2010), Steelfisher (2011), and
Cassady (2012) found that pregnant women in the UK and the
USA expressed concerns over how vaccination may affect their
baby, which led them to vaccinate.”*”** At the same time,
Hilton and Smith (2010) found that pregnant women per-
ceived that there were mixed messages regarding medication
during pregnancy which could decrease vaccine uptake in the
UK.*® A Swedish study reported that lower education and
income might reduce vaccination frequency.”” Another US
study found that the unemployed were more likely to seek
vaccination.**

Accessibility and cost of vaccination: Accessibility and vac-
cine cost are essential factors people consider before deciding
whether to accept vaccination.”>*>"*® Research showed that
vaccine availability and the speed of vaccination influenced
people’s decision to vaccinate. In Canada, participants who
could be vaccinated through a primary care clinician or
a short-term clinic were more likely to be vaccinated.” In
Nigeria, India, Pakistan and Greece, longer distances to the
vaccination delivery point, either real or perceived, were
a significant barrier.’*>

Personal responsibility and risk perception: On the one
hand, vaccination is a social responsibility that transcends
barriers such as long waiting times.””*’ For example, vacci-
nated individuals reported an emphasis on protecting them-
selves, their communities, and high-risk family members to
prevent disease transmission.?>?>>* On the other hand, indi-
vidual risk perception may hinder vaccination. For example, in
Sweden and Switzerland, participants in subjective good health
had a lower willingness to accept vaccination than participants
in poor health.'>*>*

Precautionary measures, taken based on the decision to vacci-
nate: People who choose to get vaccinated are more likely to also
take other precautions to control the spread of the disease.
A Swedish study showed that the frequency of hand washing,
reporting coughs and sneezes, and the use of disinfectants were all
higher in vaccinated people than in unvaccinated people.”®

Trust in health authorities and vaccines: People’s trust in
medical information from health service organizations and
their social peers influenced their decision to be vaccinated.
For example, in four studies on Canada, France, Sweden, and
the USA, trust in health authorities was generally associated
with higher willingness to vaccinate.'>*****® In addition to
trust in health service organizations, people who trusted gov-
ernments also had higher vaccination effectiveness.'”*"*”

Safety and effectiveness of the vaccine. Participants
reported greater fear and uncertainty about the safety, efficacy,
and residual long-term side effects of vaccines, i.e., people’s
concerns about the safety and efficacy of vaccines may increase
their degree of vaccine hesitancy.'”-*>?%?4?%%



Access to vaccine information: Lack of vaccination infor-
mation and access to misinformation influence people’s deci-
sion to vaccinate.'”****?%%0"%2 A Jack of adequate information
about vaccination or an encounter with conflicting informa-
tion from different sources may reduce an individual’s will-
ingness to vaccinate.””**> While the Internet was a valuable
resource for disseminating crucial public health information
during the COVID-19 pandemic, a lack of clear and consistent
information may prevent people from getting vaccinated.*®

In addition, vaccination is part of the “wider social world,”
which means that different factors (such as past health service
experiences, family history, sense of control, and conversations
with friends) influence the vaccination-related decision-
making process.**

New features of vaccine hesitancy during the COVID-19
pandemic

Since the beginning of 2020, COVID-19 has spread rapidly
across the globe. Its negative effects are more apparent than in
previous diseases, and people have different attitudes on
whether to accept vaccination.*> The new features of vaccine
hesitancy in the COVID-19 era are summarized in the
following:

First, it took far less time to develop COVID-19 vaccines
than other vaccines, leading to doubts about their safety and
effectiveness. Hooper (2021) pointed out that concern over the
speed of COVID-19 vaccine development was one of the
important reasons affecting people’s willingness to accept
vaccination.*® A study from the UK also reported doubts and
concerns about vaccine effectiveness and potential side effects,
especially in the context of rapid vaccine development and
accelerated testing.*’

Second, as a newly developed vaccine, the scientific nature
and universality of information dissemination of the COVID-19
vaccine were limited by time. The resulting lack of information
on new vaccines also made the public hesitant and skeptical
about COVID-19 vaccines. Several studies have found greater
fear and uncertainty about the safety, efficacy, and residual long-
term side effects of new vaccines.'””*>*>** Many people who are
actually willing to be vaccinated wanted to wait as long as
possible to gain more vaccination experience from others.*®
A study from China showed that the general public believed
that the safety and effectiveness of vaccines were not sufficiently
convincing, which decreased their willingness to vaccinate
against COVID-19.*” A UK study showed that concerns about
the side effects and safety of vaccination — especially negative
effects in the future - were the main reason for vaccine
hesitancy.”® Concerns are that these vaccines have not been
tested rigorously enough to identify all possible adverse events
and efficacy in a scientific manner.”’ The fact that vaccine
hesitation has decreased over time further proves that uncer-
tainty generated by new vaccines is more likely to produce
vaccine hesitancy.”' >

Third, COVID-19 vaccines were developed in an era of
rapid information transmission. Regarding the information
on COVID-19 vaccines presented by various media outlets, it
is generally difficult for the general public to distinguish
between true and false statements, which easy leads to
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a mislead public. Evidence indicates that people are less likely
to accept a vaccine even as it becomes widely available if they
believe misinformation about the virus, and beliefs about the
origin of COVID-19 are particularly important in this
context.’*>> Lockyer and Islam (2021) argued that in the
process of the COVID-19 pandemic, erroneous information
about the pandemic caused public anxiety, which led to peo-
ple’s hesitation to vaccinate against COVID-19.°° Hou and
Tong (2021) found that vaccine hesitancy is widespread
worldwide.”” Negative tweets attract higher engagement on
social media, which has gradually become the main platform
against vaccination.”®

Fourth, because of a lack of information on COVID-19
vaccines, people tend to use other factors that are related to
vaccines and outbreaks as the basis for vaccination decisions.
Examples are their trust in authorities or vaccine developing
companies, judgment on the COVID-19 outbreak itself, judg-
ment on one’s own immunity and health, and past vaccination
experiences. Prior research suggests that COVID-19 vaccine
hesitancy is associated with a lack of trust in the
government.” ' Susceptibility to COVID-19 and the per-
ceived benefits of vaccination play a role in mitigating
COVID-19 vaccine hesitancy.”’ In addition, the degree of the
perceived risk of COVID-19 also affects vaccine hesitancy. In
the Oxford Coronavirus Explanations, Attitudes, and
Narratives Survey II (OCEANS-II), low awareness of virus
risk was a key factor in vaccine hesitancy.®> Allington (2021)
suggested that vaccination hesitancy is related to a low-risk
perception of COVID-19.%

Ways to reduce COVID-19 vaccine hesitancy

Certain scholars believe that providing accurate and detailed
information to the public through reliable and convenient
channels can ease COVID-19 vaccine hesitancy. On the one
hand, providing the public with information about COVID-
19 vaccines through reliable and convenient channels can
reduce people’s hesitation to vaccinate against COVID-19.
Vaccine delivery systems and governments are important
sources of vaccine-related information for the public and
play a key role in alleviating vaccine hesitancy.®* Vaccine
hesitancy for COVID-19 vaccines can be addressed by sys-
tematically promoting more reliable sources of information,
such as through peers, teachers, and official websites.’!
Information campaigns through platforms that are com-
monly used by vaccination hesitant people, such as spread-
ing information between entertainment programs (such as
TV dramas), can effectively increase the coverage of
COVID-19 vaccination.®” On the other hand, the provision
of accurate and detailed information to the public can
reduce people’s hesitation to vaccinate against COVID-19.
For example, accurate and timely dissemination of informa-
tion on COVID-19 vaccines and comprehensive measures
can increase the willingness to vaccinate and confidence in
vaccination of the population before vaccination.*’ In addi-
tion, the vaccination of leaders, healthcare workers, and
others can also set an example and improve the coverage
rate of COVID-19 vaccination.®®
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Summary on the literature review

In conclusion, the factors affecting vaccine hesitancy and miti-
gation measures have been fully discussed in existing studies,
but there are still directions worthy of further exploration.
First, the discussion on the factors of vaccine hesitancy mostly
remains at the phenomenological level, lacking common rules
and a systematic summary. Second, solutions to mitigate vac-
cine hesitancy are limited to specific measures and have yet to
form a global consensus solution. Third, schemes for mitigat-
ing COVID-19 vaccination hesitancy have not been system-
atically explored.

Theoretical analysis and hypotheses
Theoretical analysis

The effect of free riding behaviour on the number of
vaccinated people in society

Collective good requires collective action. Wright et al. (1990)
provided the following definition of collective action: “A per-
son is engaged in collective action if he/she acts like a typical
member of the group to which he/she belongs, and if his/her
actions are intended to improve the situation of the group to
which he/she belongs.”” According to this definition, collec-
tive action is a form of intergroup behavior, which is an action
strategy with the aim to improve the status of the group.
Therefore, collective action differs from interpersonal behavior
with the aim to improve the status of individuals. Individuals
who accept vaccination can not only acquire immunity them-
selves, but also further increase the safety of other members of
society. In other words, the safety of each social member is
achieved by vaccinating all members of society. In this respect,
the sense of security of each social member is achieved by the
collective action of all social members to get vaccinated
together. Therefore, in the process of vaccination, the collec-
tive good provided by the members of society through the
collective action of joint vaccination triggers a sense of security

Marginal Revenue and
Marginal cost of individuals

in the whole society. In this way, everyone in society can obtain
their own individual safety from this sense of security.

Free riding behavior emerges easily in collective action. The
free riding behavior in the vaccination process can be mani-
fested as the behavior of individuals who deliberately do not
want to bear the costs incurred in the vaccination process
because they can increase their own safety via the vaccination
of others. Whether vaccines, especially newly developed vac-
cines, carry potential risks for human health remains
unknown. In this case, people have two choices with regard
to vaccination: (1) People can choose to be vaccinated, which
causes a certain time and monetary cost in the vaccination
process, as well as the cost of bearing potential vaccination
risks. (2) People can choose not to be vaccinated, and enjoy the
benefits resulting from other people’s vaccinations at zero cost.
Faced with this choice, the economic man tends to choose the
latter, i.e., free riding behavior. When the majority of people
choose free riding behavior based on their own rational con-
siderations, it becomes highly likely that, within a certain
period of time, only a few people will choose to pay the cost
of vaccination. In this case, social and public safety cannot be
effectively guaranteed, and vaccination has fallen into the
dilemma of collective action, which is reflected as the vaccine
hesitancy that can be observed today.

This section explains the collective action dilemma people face
in their vaccination decisions. Based on Olson’s (1965) analysis of
the logic of collective action, Figure 1 illustrates how collective
action dilemmas arise during the vaccination process.'® The hor-
izontal axis represents the number of inoculated people in the
whole society, the vertical axis represents the increase in the sense
of security individuals gain from the improvement of social safety
(i.e., the marginal revenue of individuals), and the marginal cost of
vaccination for individuals corresponds to the increase in the
number of vaccinated people in society. In Figure 1, curve
C represents the individual marginal cost of providing the collec-
tive good. Because the time and effort required for individuals to
get vaccinated are related to the distance between the individual
and the vaccination site, while the risk of the vaccination is only

number of

(0] n N

Figure 1. The collective action dilemma in the vaccination process.

> inoculated people



related to the novelty of technology, the cost of individual vaccina-
tion remains relatively fixed, regardless of the number of people
vaccinated in society. Thus, curve C in Figure 1 is a horizontal line
that is parallel to the horizontal axis. In Figure 1, curve
V represents the marginal revenue individuals gain from collective
good. As the number of vaccinated people in society increases, the
overall safety in society increases, while the marginal increase in
the sense of security individuals can derive from the act of vacci-
nation decreases. Thus, curve V in Figure 1 is a curve that
decreases toward the lower right.

According to Olson (1965),'° the necessary condition
for people to get vaccinated is that the individual benefit
from the collective good (V) is greater than the cost of the
individual participating in the provision of the collective
good (C). This condition corresponds to the range from
O to N in Figure 1 of the number of people vaccinated.
When the number of vaccinated people in the whole of
society reaches N, the benefits obtained by individuals
from vaccination and the associated costs will be balanced:
the equilibrium marginal revenue of the individual is r and
the equilibrium marginal cost of the individual is C. In this
case, the collective good social security provides via the act
of vaccination achieves an optimal level.

Considering the effect of free riding behavior on vaccina-
tion, free riding behavior occurs when people realize that they
can benefit directly from the vaccination of others and that
there is no cost involved in the process. In this case, if someone
does not get vaccinated, the security of other individuals is
actually reduced. This actually reduces the benefit that the
individual receives from the collective good, and ultimately
leads to the individual’s marginal revenue curve falling from
V to V{. At this time, the number of vaccinated people n finally
achieved by society is lower than the number of vaccinated
people N required for the optimal supply of the collective
good; consequently, the whole of society cannot achieve an
effective supply of social safety at this time. At this point, the
vaccination will fall into a collective action dilemma, and the
vaccine hesitancy problem will become widespread in society.

Research hypotheses

Based on the previous analysis of Figure 1, this paper proposes
the following theoretical hypotheses:

H1: Free riding behavior during vaccination can lead to
vaccine hesitancy.

In the following sections of this paper, these hypotheses are
tested through empirical analysis.

Data sources, variable selection, and methods
Data sources

The data used for this study originate from the project
“Exploring COVID-19 Vaccination Hesitation from the
Perspective of Free Riding Behavior” conducted by the
School of Public Administration of Guangxi University in
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December 2022. This survey refers to the methods of Wang,
Chao, Han (2021) as well as Wang and Lu (2021).*°® When
the whole society faced travel restrictions because of the
COVID-19 pandemic, online questionnaires were issued to
collect data. From December 7, 2022, to February 7, 2023,
the project team used stratified random sampling to conduct
an anonymous online cross-sectional survey on Wen Juanxing
(China Limited), the largest online survey platform in China.
Questionerstar - the Chinese equivalent of Qualtrics,
SurveyMonkey, or CloudResearch - provides online question-
naire design and survey capabilities for businesses, research
institutions, and individuals. The Sample Database of Wen
Juanxing platform covers the responses of more than
2.6 million respondents whose personal information was con-
firmed to provide a true, diverse, and representative sample.
The target population of this study is Chinese adults living in
mainland China. Therefore, a random sampling procedure
stratified by age and location was used to match Chinese adults
in the Wen Juanxing sample database. The respondents
matched in this study were recruited from December 7, 2022,
to February 7, 2023. These respondents joined voluntarily and
were paid through the Wen Juanxing platform. The entire
process of recruiting respondents followed international
research guidelines. The survey covers basic information of
the respondents, their vaccination situation, their hesitation to
vaccinate against COVID-19, and the measures taken by the
country and community to alleviate their hesitation to vacci-
nate against COVID-19.

It should be noted that this method of surveying respon-
dents online is prone to the problem of common method bias,
which is a common problem of self-report questionnaires. The
main reasons for this problem are motivation consistency,
implicit correlation bias, default tendency, mood state, and
transient emotion. To overcome the problem of common
method bias, this study adopted the following two approaches
when conducting the survey and in the data analysis process:
First, at the start of the questionnaire, respondents were
assured that the survey was anonymous and that their personal
private information would be strictly protected. This meant
that respondents could fill in the survey with complete con-
fidence and less speculation about the purpose of the study.
Second, this study referred to Gao et al. (2016), Gao et al.
(2015), and Jones et al. (2015) to identify how to improve the
reliability of respondents’ feedback in unsupervised subjective
questionnaires.””””" This paper introduced several “trap ques-
tions” that were logically related to each other. The responses
to these “trap questions” were used to determine whether the
respondents had adverse reactions, intentionally provided use-
less information, and/or provided false information. Samples
that failed the trap question were eventually eliminated to
minimize the impact of common methodology bias on the
study, thus further improving data credibility.

A total of 2,259 questionnaires were collected in this survey.
After collecting the questionnaires through the network plat-
form, the research team excluded unqualifying samples from
the overall sample according to the following principles: (1)
the answers to subjective questions do not conform to normal
logic; (2) apparent logical errors appear before and after the
answer; (3) the question selection shows clear regularity (such
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as continuous oblique filling); (4) the time taken to complete
the questionnaire was excessive; (5) incorrect answers were
given to trap questions. Finally, 2203 valid questionnaires
remained after screening, and the overall effective response
rate was 97.52%.

The questionnaire survey has been approved by the respon-
dents. Specifically, before officially answering the questions,
respondents were prompted to read a pre-designed Online
Participant Consent Form on the first page (see
Appendix A). After understanding the contents of the survey,
respondents were free to choose whether to start answering
questions online. Meanwhile, to further ensure the freedom of
the respondents, the research team also added a function that
allows the respondents to freely exit the answer page in the
questionnaire at any time. This allowed the respondents to
freely terminate the answering process of the online questions.
The questionnaire survey was conducted anonymously.

Variable selection

Dependent variable

In this study, the dependent variable was vaccination hesitancy
(VH). Existing studies mainly measure vaccination hesitancy
of the COVID-19 vaccine through two methods. One method
is the direct inquiry method, where people are directly asked
about their willingness to get vaccinated against COVID-19 as
a measure of people’s vaccinate COVID-19 hesitancy;*>%°
another example is to ask people directly how hesitant they
are to get vaccinated against COVID-19.' The other method is
the time to vaccination measure, which measures people’s
hesitation to vaccinate using the time between COVID-19
vaccines have become available and the actual vaccination
(immediate vaccination, waiting a while, waiting a long time,
not vaccinating) °>’". In this paper, based on the research of
Freeman et al. (2021) and Soares et al. (2021), the situation of
data acquisition, and research practice, the method of measur-
ing the time until vaccination was used.”>”*> The question
“Attitude when I first knew I could get the vaccine” (1 =1 got
the vaccine immediately, 2 = I waited for the vaccination, 3 =1
waited for the vaccination for a long time, 4 =1 have not
received the vaccine yet) was selected as the dependent variable
to measure vaccination hesitation.

Core independent variable

The core independent variable of this paper is the free riding
behavior phenomenon (FR) in the process of COVID-19 vac-
cination. In the case of COVID-19 vaccination, free riding
behavior manifests itself as the act of waiting for someone
else to be vaccinated first to provide social security, thereby
enabling increased personal safety at no cost. Therefore, in this
paper, the question of “Whether in the process of COVID-19
vaccination, there has been a wait-and-see behavior and wait-
ing for others to be vaccinated” (yes=1, no=0) is used to
measure whether the respondent ever showed free riding
behavior in the process of vaccinating against COVID-19.

Control variables
First, demographic factors are controlled. For the selection of
control variables in terms of population factors, this paper

mainly refers to the studies of Wang and Xinran (2021) as
well as Wang and Han (2021).*>°* Wang and Xinran (2021)
considered changes in the acceptance of COVID-19 vaccina-
tion at different stages of the pandemic in China, and exam-
ined factors such as age, sex, education level, marriage,
location (east, west, or central), location (urban/rural),
employment, health status, income level, and other demo-
graphic characteristics on vaccine hesitancy.®® In contrast,
Wang and Han (2021) considered the influence of different
provinces and occupations on vaccine hesitancy.*’ In particu-
lar, in terms of occupation, Wang and Han (2021) proposed
that medical personnel, government or social security person-
nel, public service personnel, traffic and port personnel, or
customs personnel should be considered a priority for
vaccination.”” In summary, the demographic characteristics
of age (AGE), sex (GENDER), education level (EDU), mar-
riage (MAEEIGE), province, main living area (DISTRICT) in
the last two years, employment and occupation, health status
(HEALTH), and monthly income (INCOME) are mainly
assessed in this paper. In particular, when considering employ-
ment and occupation, special occupations such as medical
staff, students, customs and port staff, civil servants, and public
institution staff are treated separately in this paper.

Second, as a new vaccine with a short research and devel-
opment time, the safety and effectiveness of the COVID-19
vaccine can easily be questioned, which affects people’s will-
ingness to get vaccinated with a COVID-19 vaccine. According
to the research of Myers and Goodwin (2011), Cassady et al.
(2012), Boerner et al. (2013), Determann et al. (2015), and
Freeman et al. (2020),'7*******” when designing control vari-
ables, the question “Do you worry about the safety of the
COVID-19 vaccine?” (1 =strongly disagree to 5 = strongly
agree) was selected to measure people’s concerns about the
safety of COVID-19 vaccines (SECURITY). The question “Do
you think the effect of the COVID-19 vaccine is limited?” (1 =
strongly disagree to 5 = strongly agree) was used to measure
people’s concerns about the effect of the COVID-19 vaccine
(EFFECT).

Third, the COVID-19 vaccine was developed in an era of
rapid information transmission. It is difficult to distinguish
between true and false information on both the COVID-19
vaccine and the pandemic coming from various media outlets,
making it easy to mislead the public. Information about avail-
able COVID-19 vaccines, information about COVID-19 out-
breaks, and the source of information influence people’s
willingness to get vaccinated. Therefore, according to the
research of Lockyer and Islam (2021), Verger and Dube
(2020), and Jain (2021),>>°%°® when designing control vari-
ables, the question “Is the information you usually receive
about COVID-19 vaccine positive or negative?” (1 = extremely
negative to 5=very positive) was selected to measure the
information (CVI) people receive about the COVID-19 vac-
cine. The question “Is the information you receive about
COVID-19 positive or negative?” (1 = extremely negative to
5 =very positive) was selected to measure the information
people received about COVID-19.

Fourth, because of the lack of information on COVID-19
vaccines, people tend to use other factors related to vaccines
and outbreaks as the basis for their vaccination decisions.



Individual risk perception may hinder vaccination,'>** while

trusting the services of the WHO and governments resulted
in a higher vaccination effectiveness.'”***” Based on this, the
question “Your attitude toward the current COVID-19 pan-
demic” (1 =very worried to 5=full of confidence) was
selected to measure personal risk perception (PRP) when
designing control variables. The question “How would you
rate the service capacity of the vaccination facility in your
area” (1 =very poor to 5=very good) was selected to mea-
sure people’s trust in the local health service level (SC). The
question “Do you agree or disagree with the statement that
people should do things according to the instructions of the
state” (1 =strongly disagree to 5 =strongly agree) was used
to measure trust in government (GT). Table 1 presents
descriptions and statistical analyses of the variables selected
in this paper.

Methods

Ordered probit regression
The dependent variable selected in this study is a discrete
variable of the natural order the distribution of which does
not meet the requirements of the ordinary least squares model.
Therefore, the dependent variable must be analyzed with in
a ranking model, such as ordered probability regression.
Assuming y*= x' + & (y* is an unobservable variable), the
se-lection rule is given by:

Lif y'<u
2if w <y <wu
y=193if w<y'<u (1)
4if ws<y*<uy
5if  uy<y*

Table 1. Variables and their descriptive statistics.
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where the parameter u; < u, < u3 < uy to be estimated is the
“cutoff point.” Assuming e~N(0,1) (normalize the variance of
the perturbation term ¢ to 1), we have:

P(y =0|x) = P(y* <ro|lx) =P(X'B+ ¢ <rlx)
=Ple<ry —xBlx) — @(ro — x'B)
P(y = 1|x) = P(ro < y* < nlx) = P(y* <nlx) P(y" < rolx)
=P(xB+e<rlx) — O(ro — xX'P)
=Pe<r —xBlx) — O(ry —X'P)
=O(r; —x'B) — O(ro — xX'B)
P(y = 2[x) = ®(r, — x'B) — ©(n —x'B)

2

In this way, the sample likelihood function is obtained to
further obtain the Maximum Likelihood Estimation estimator,
namely the ordered probability model.

Endogeneity problem and propensity score matching
Simple ordered probit regression does not consider the
endogenous problem caused by sample selectivity bias.
That is, in ordered probit regression, people with a high
tendency to show free riding behavior and people with
a low tendency to show free riding behavior are different
individuals. Because there are many differences between
different individuals, they may have different participation
degrees even if they are not affected by free riding behavior
or if both have the same tendency to show free riding
behavior. Therefore, the existence of free riding behavior
in the ordered probit model is not necessarily the reason
for people’s vaccine hesitancy against COVID-19.

Std.
Variable Description Mean Dev. Min Max
Dependent N = 2203
variable
Dependent variable
VH Attitude when | first knew | could get the vaccine (1 = | got the vaccine in the first place; 2 = | waited for the vaccine;  1.532 0.651 1 4
3= | waited for the vaccine for a long time; 4 = | have not received the vaccine yet)
Core independent variable
FR Whether in the process of COVID-19 vaccination, there has been a wait-and-see behavior and waiting for otherstobe  0.616 0.487 0 1
vaccinated (yes = 1, no = 0)
Control variables
AGE Age 31409 7.736 10 62
GENDER Male/female 1.541 0.498 1 2
EDU Below primary school/primary school/middle school/high school/bachelor’s degree/master’s degree/doctoral degree  4.986 0.496 1 7
MAEEIGE Married/otherwise 1.259 0.438 1 2
DISTEICT Urban/rural areas 1.080 0.271 1 2
HEALTH How healthy do you think you are? (1 = very unhealthy to 5 = very healthy) 3.578 0.816 1 5
INCOME (LN) CNY/month 8.646 1.531 0 12429
SECURITY Do you worry about the safety of the COVID-19 vaccine (1 = strongly disagree to 5 = strongly agree) 2.825 1.148 1 5
EFFECT Do you think the effect of the COVID-19 vaccine is limited (1 = strongly disagree to 5 = strongly agree) 3.049 1.165 1 5
(@Y Is the information you usually receive about the COVID-19 vaccine positive or negative? (1 = extremely negativeto 5  3.843 0.764 1 5
= very positive)
Csl Is the information you receive about COVID-19 positive or negative? (1 = extremely negative and 5 = very positive)  3.698 0.859 1 5
PRP Your attitude toward the current COVID-19 epidemic (1= very worried —5= full of confidence) 3.797 1.036 1 5
SC How would you rate the service capacity of the vaccination facility in your area (1= very poor —5= very good) 4.040 0.699 1 5
GT Do you agree or disagree with the statement that people should do things according to the instructions of the state ~ 4.081 0.800 1 5

(1= strongly disagree —5= strongly agree)
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To control the endogeneity problems caused by sample
selection bias and identify the real causes of participation
difficulties, this paper conducts propensity score matching
(PSM). This also helped to overcome the influence of sample
selection bias and identify the real cause of vaccine hesitation.
The concept of the propensity score was proposed by.”> They
defined propensity score as the conditional probability that an
individual is affected by certain independent variables after
controlling for observable “confounding” variables. The use
of the control propensity score to obtain causality between
phenomena can exclude the influence of “confounding” vari-
ables and thus disclose a “net effect” between the two phenom-
ena. This approach ensures that the conclusion is reliable. The
statistical principles of PSM are detailed in Appendix B.

Results
Free riding behaviour affects vaccine hesitancy

Table 2 shows the results obtained using ordered probability
regression in Stata 17.0. Model 1 is the single regression of free
riding behavior. The results show that free riding behavior had
a significant positive effect on vaccine hesitancy, indicating
that free riding behavior leads people to hesitate and wait for
a longer time before getting vaccinated against COVID-19.
Models 2-6 are the result of the gradual addition of each
group of control variables. The estimation results show that

Table 2. Regression results.

free riding behavior had a significant positive effect on vaccine
hesitancy in the process of gradually adding control variables.
This result indicates that free riding behavior causes people to
hesitate and wait for longer before they get vaccinated against
COVID-19.

Test results of propensity score matching

To address the endogeneity problem associated with sam-
ple selection bias, the nearest neighbor matching method,
the radius matching method, and the kernel matching
method of PSM were applied. The average treatment effect
for the treatment (ATT) of free riding behavior on vaccine
hesitancy was estimated. The standard deviations of all
matched variables were calculated in reference to Lechner
(1999), Sianesi (2004), and Caliendo et al. (2008).7*77°
T-tests were conducted for individual variables and the
whole sample. The overall sample balance test of each
matching method is shown in Table 3. In all matching
methods, the absolute values of the standard deviations of
all matched variables remain within 10%, and the differ-
ence after matching was non-significant. This result implies
that all matching variables had good balance after match-
ing, thus indicating that the PSM result is reliable.

The common support hypothesis necessitates that the pro-
pensity scores of both the treatment group and the control
group have a large common support domain, thus ensuring

Model (1) Model (2) Model (3) Model (4) Model (5) Model (6)
FR 1.169%** 1.176%** 0.885%** 0.854*** 0.840%** 0.8371***
(0.059) (0.060) (0.065) (0.065) (0.065) (0.066)
AGE 0.006 0.005 0.005 0.004 0.008*
(0.004) (0.004) (0.004) (0.004) (0.004)
GENDER —0.091* —-0.105* -0.101* -0.102* —0.098*
(0.053) (0.054) (0.054) (0.054) (0.055)
EDU —0.047 —0.052 —0.052 —0.052 —0.054
(0.055) (0.056) (0.056) (0.056) (0.057)
MAEEIGE 0.088 0.121* 0.068 0.059 0.054
(0.071) (0.072) (0.073) (0.073) (0.074)
DISTEICT —0.146 -0.159 -0.157 -0.157 -0.132
(0.101) (0.103) (0.103) (0.104) (0.105)
HEALTH —0.102%** —0.079** —0.043 —0.031 —0.025
(0.032) (0.033) (0.034) (0.034) (0.035)
LANCOME —0.044%* —0.041** —0.037* —0.039** —0.048**
(0.019) (0.019) (0.019) (0.020) (0.020)
SECURITY 0.334%** 0.297*** 0.292%** 0.307***
(0.029) (0.029) (0.030) (0.030)
EFFECT 0.035 0.023 0.017 0.006
(0.027) (0.028) (0.028) (0.028)
SC —0.122%** —0.088* —0.086*
(0.043) (0.045) (0.046)
CPI —0.108*** —0.093** —0.094%**
(0.041) (0.041) (0.041)
(@] —0.046 —0.023 —0.024
(0.046) (0.047) (0.047)
PRP —0.055* —0.048
(0.029) (0.029)
GT -0.072* -0.070*
(0.037) (0.038)
Province Controlled
Observations 2203 2203 2203 2203 2203 2203
R? 0.107 0.113 0.160 0.168 0.170 0.177
Chi? 426.6 452.6 637.6 672.1 680.4 7053
p 0.000 0.000 0.000 0.000 0.000 0.000

Standard errors are shown in parentheses; ***p <.01, **p < .05, *p < .1.



Table 3. Overall sample balance test of each matching method.
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Matching method Sample situation Ps R2 LR Chi? P> Chi® Mean bias
Neighbor matching Unmatched 0.192 564.05 0.000 234
Matched 0.006 21.17 0.571 2.7
Radius matching Unmatched 0.192 564.05 0.000 234
Matched 0.006 22.42 0.495 3.2
Kernel matching Unmatched 0.192 564.05 0.000 234
Matched 0.006 21.01 0.580 3.0

that the integrated characteristics of both groups are similar. In
this paper, a bar graph of the common support domain of the
propensity score is used. This is then followed by an analysis of
the degree of overlap between the propensity score interval of
the treatment group and that of the control group, as well as
the size of the sample loss during the matching process.
Figure 2 intuitively shows that under those matching methods,
the propensity scores of both treatment groups and control
groups overlap widely in the interval. The overlap testing
results indicate that these matching methods result in satisfac-
tory overlap areas of both the control groups and the treatment
groups, and all pass the common support test.

The results of the treatment effect of free riding behavior on
vaccine hesitancy are shown in Table 4. Under the three
matching methods, free riding behavior plays a significantly

positive role in the formation of vaccine hesitancy. Thus, after
the interference of endogenous problems has been overcome,
free riding behavior is indeed the cause of vaccine hesitancy.
Hypothesis H1 is thus proved.

A feasible solution to the impact of free-riding
behavior on vaccine hesitancy

The collective action dilemma associated with vaccine hesi-
tancy emerges when individuals choose not to get vaccinated
against a disease — despite their best interest to do so — because
they believe that the benefits of vaccination can be shared by
others who have not been vaccinated. This can create
a situation where too few people are vaccinated to provide
herd immunity, thus increasing the risk of outbreaks and

T T T T T T
0 2 4 6 8 1
Propensity Score
I Untreated: Off support [ Untreated: On support
[ Treated: On support [ Treated: Off support

T T T T T T
0 7 4 .6 8 1
Propensity Score
I Untreated: Off support [ Untreated: On support

[ Treated: On support [ Treated: Off support

T T T

0 2

4 6
Propensity Score

.8 1l

[ Untreated: Off support
[ Treated: On support

I Untreated: On support
[ Treated: Off support

Figure 2. Overlap in testing results.

Table 4. Results of the treatment effect of free riding behavior.

Matching Method Treated Controls ATT diff T-stat Sig
1:4 nearest neighbor matching 1.731 1373 0.359 9.45 Frx
Radius matching 1.732 1373 0.359 9.94 b
Kernel matching 1.732 1.379 0.353 10.27 *rx

1 ** represents significance at the level of 5%. 2 (Samples’), (the chosen caliper range) caliper = 0.06, which represents one-to
-one matching and radius matching among observed values with a difference of the tendency score of 6%.



10 &) Y.SUETAL

harming the community. Therefore, further discussion on
alleviating the impact of free-riding behavior on vaccine hes-
itancy is worthy of discussion.

One possible solution to this dilemma is the use of incentives or
penalties to encourage people to vaccinate. According to Olson
(1973), an effective way to solve the free-riding behavior problem
is to provide selective incentives to actors. A selective incentive
implies the differentiated treatment of each member of
a collective, including positive rewards and negative punishments,
with the aim to create an “asymmetry” in the benefits of collective
members. However, based on scientific, legal, and ethical concerns
as well as practical effectiveness, mainly the positive rewards of
selective incentives in solving the free riding behavior problem of
vaccination are considered.”” Positive rewards give those indivi-
duals who contribute to the collective good additional benefits in
addition to the normal share of the collective benefit they have
already gained. Additional benefits include both economic gains
and social incentives that privilege those who contribute to the
collective good.”” In fact, in Olson’s original formulation, selective
incentives can better curb the free-riding behavior problem in
small-scale collective action, but with expanding size of the col-
lective, the cost and benefit issues will make collective action more
and more unsustainable. However, in real life, it is not uncommon
for large collectives to achieve common goals through collective
action. The effectiveness of collective action involving a large
number of members of society, such as the use of selective incen-
tives to promote whole-society vaccination, has been tested and
supported by practical research. Therefore, how selective incen-
tives can be provided to actors with a tendency to show free-riding
behavior associated with vaccination is a direction worthy of
further research.

Vaccination passports, for example, portray a way to provide
selective incentives to curb free-riding behavior in the vaccinating
process. Specifically, if a citizen has been vaccinated with
a COVID-19 vaccine, or if the citizen has suffered from
COVID-19 or has recently tested negative using a nucleic acid
test, the government will issue him/her a vaccination passport to
prove that the holder is not, and cannot become, a source of
infection for others.”® By obtaining the passport, the citizen
receives “privileges” in the form of being allowed to access public
and private venues, benefitting from reduced access restrictions,
and being able to move more easily. This line of argument suggests
that people can be incentivized to get vaccinated by providing
rewards that satisfy their with for convenience in their life. The
findings of Oliu-Barton et al. (2022) also showed that coronavirus
certificates have had a positive impact on vaccination rates in
France, Germany, and Italy.”” Therefore, it can be concluded
that the use of selective incentives in accordance with local con-
ditions can reduce the exacerbation of vaccine hesitancy caused by
free-riding behavior.

In addition to adopting systematic governance methods
such as vaccination passports, directly providing food and
other goods is also an easy way to provide selective incentives.
For example, Jarrett et al. (2015) argued that adopting an
incentive-based (non-financial), i.e., encouraging vaccination
by offering food or other goods to vaccinated people, is also
a good way to increase vaccination rates in society.*® This also
reflects the role of selective incentives in promoting
vaccination.

Another approach is to increase public awareness and educa-
tion about the importance of vaccines and the risks of vaccine-
preventable diseases. Educational campaigns may promote the
benefits of vaccination, incentives (such as financial rewards or
free vaccinations), and penalties (such as fines or restrictions on
activities) for those who choose not to get vaccinated.®"*
However, the effectiveness of these strategies can vary depend-
ing on the specific context and the targeted population. Under
this situation, governments and health organizations can colla-
borate and provide accurate information about the safety and
effectiveness of vaccines, and address any concerns or miscon-
ceptions people may have. Cairns et al. (2012) studied the effec-
tiveness of promotional communication in the European region.
They concluded that a series of campaigns jointly carried out by
the state, health, and education departments can positively
change the knowledge, attitude, and behavior of the population
toward vaccination.®”> Chen et al. (2023) studied the change of
COVID-19 vaccine hesitancy among residents in Guangzhou,
China, over different periods; the results showed that the imple-
mentation of appropriate interventions led by the health sector
as well as targeted programs implemented by the education
sector was effective in addressing the possible risk of vaccine
hesitancy.** Overall, addressing vaccine hesitancy requires
a comprehensive approach that involves an understanding of
its underlying reasons and developing targeted interventions to
address these. By working together, governments, healthcare
providers, and communities can help to ensure that everyone
has access to safe and effective vaccines and that everyone can
benefit from the protection provided by herd immunity.

At the same time, existing literature has shown that people
with vaccine hesitancy are only temporarily “hesitant” and may
need to take more time to decide, but such people will only delay
vaccination instead of refusing to be vaccinated altogether. As
long as people are finally able to choose to be vaccinated, the
slight delay in vaccination caused by vaccine hesitancy will not
impact the overall safety of society much.* The views of these
studies seem to challenge the conclusions of the present paper.
However, this paper argues that the relevant research views are
reasonable, but based on such research, people cannot ignore
other possibilities that exist objectively. That is, because free-
riding behavior has been confirmed to be part of the vaccination
process, if relevant measures are not taken to suppress it, the
vaccination delay caused by vaccine hesitant people will prob-
ably evolve into refusal to get vaccinated in the end; therefore,
widespread vaccine hesitancy will become a negative factor
affecting public health. From this perspective, the conclusions
of this paper do not contradict existing research, because this
paper actually expands the discussion of more possibilities
affecting vaccine hesitancy based on existing conclusions.

Discussion

This paper discusses the problem of free-riding behavior and
how it influences vaccine hesitancy; new factors influencing
vaccine hesitancy have been uncovered. Many existing studies
on the factors affecting vaccine hesitancy have explored demo-
graphic factors, economic factors, personal moral factors, the
attributes of the vaccine itself, and factors of the relationship
between individuals and governments. Among them,



demographic factors, personal moral factors, personal risk
perception, personal experience, and family history can be
summarized as individual independent factors. The economic
factors and the attributes of the vaccine itself belong to external
environmental factors. Factors such as an individual’s trust in
government authorities and access to vaccine information can
be attributed to the connection between the individual and the
environment. The existing research on the factors affecting
vaccine hesitancy has focused on the internal characteristics
of individuals and the relationship between individuals and the
environment. In contrast, there has been little discussion on
how relationships between humans affect vaccine hesitancy.
Therefore, starting from the phenomenon of free-riding beha-
vior between people, this paper discusses the impact of non-
cooperation between people on vaccine hesitancy from the
perspective of interpersonal relationships. This discussion
can contribute new factors to the existing research on vaccine
hesitancy from the perspective of cooperation between people.

Ostrom (1990) and Ostrom et al. (2007) pointed out that the
discussion of all collective action dilemmas, including the free-
riding problem, needs to be tailored to local conditions.*>®’
Therefore, this paper discusses the impact of free-riding beha-
vior on vaccine hesitancy, which provides an analytical logic for
current vaccine hesitancy research to cope with changes in
reality and environmental shocks. As the public health research
community responds to the new changes introduced by the
COVID-19 pandemic, there is a real need for an analytical
framework that reflects changes in the complex external envir-
onment. In this regard, the existing theories on solving the
collective action dilemma caused by free riders have developed
a relatively mature and viable framework for the robustness
analysis of the social ecosystem. Therefore, if the effect of free-
riding behavior on vaccine hesitancy can be confirmed in this
paper, this robust analytical framework for studying how to
overcome the collective action dilemma can be further intro-
duced into the future analysis of vaccine hesitancy and other
public health problems. Consequently, new theoretical and
logical support can be provided for discussing public health
issues under the changes and impacts of complex situations.

Instead of only relying on providing low-cost, reliable, and
accurate information to solve the vaccine hesitancy problem,
how to deal with broader public health problems, including vac-
cines through multi-subject cooperation, has gradually become
the focus of scholars. In this paper, the phenomenon of free-riding
behavior and its effect on vaccine hesitancy suggests that a multi-
co-governance solution can be adopted to both solve the free-
riding problem and provide an effective way to also solve the
vaccine hesitancy problem. Therefore, this study provides a new
entry point for research on vaccine hesitancy from the perspective
of a pluralistic co-governance system. This will help to enrich
future discussions and research to further address vaccine
hesitancy.

Conclusion, implications, and limitations

Guided by the theory of collective action, in this paper, the
relationship between free-riding behavior and vaccine hesi-
tancy is analyzed using data from 2259 surveys from China
and taking COVID-19 vaccine hesitancy as research object.
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The main conclusion of this paper is that free-riding behavior
is an essential cause of vaccine hesitancy. This collective action
dilemma in the vaccination process ultimately leads to vaccine
hesitancy because of the existence of free-riding behavior
where people attempt to enjoy the benefits of increased safety
without paying the costs associated with vaccination. Based on
this conclusion, this paper further discusses the effectiveness of
the current selective incentive approach adopted by many
countries in the process of solving the dilemma of collective
action on vaccination, and presents feasible approaches to
further alleviate the problem of vaccine hesitancy.

The research conclusions of this paper have two theoretical
implications. First, previous studies have extensively explored
various factors that influence vaccine hesitancy. However, the
discussion on the factors leading to vaccine hesitancy mostly
remained at the phenomenon level, lacking common rules and
a systematic summary. This paper explains the causes of vac-
cine hesitancy from the perspective of free-riding behavior and
provides a new perspective for a better understanding of vac-
cine hesitancy. Second, scholarly research on collective action
theory mostly focuses on small-scope, regional, and closed
public resource governance, while lacking discussions on
large-scale, transboundary, and open public topics. This
paper uses the COVID-19 vaccine that holds the potential to
benefit the people as an example to discuss how people solve
the problem of free-riding behavior in the process of enjoying
the public benefits brought by the COVID-19 vaccine. Thus,
the theory of collective action is applied to the study of human
behavior in a broader field.

This study has some shortcomings. Vaccine hesitancy is
a growing problem in many parts of the world and poses
a substantial threat to public health. Despite the overwhelming
evidence that vaccines are safe and effective, some individuals
choose not to get vaccinated because of concerns about side
effects, mistrust of the medical establishment, or misinforma-
tion spread through social media. This collective action
dilemma on vaccine hesitancy can have serious consequences.
When too few people get vaccinated against a disease, herd
immunity breaks down, which means that even those who
have been vaccinated may be at risk of contracting the disease.
This can lead to outbreaks of vaccine-preventable diseases,
such as measles, mumps, and rubella, which can cause severe
illness and even death. Therefore, the question of how to deal
with the impact of free-riding behavior on vaccine hesitancy
has become a problem subsequent research must face. In this
regard, because of the limitations imposed by practical condi-
tions, this paper has not systematically discussed how to alle-
viate this problem after systematically proving that free riding
impacts vaccine hesitation. This omission provides a clear
direction for the research team’s further research. In addition,
there are actually many particularities in the COVID-19 vac-
cination process, such as whether it truly conveys immunity to
the COVID-19 virus. These issues still need to be further
explored. The existence of these particularities will challenge
the presented research conclusions under special circum-
stances. Therefore, in the future, the impact of free-riding
behavior on vaccine hesitancy in other vaccination processes
needs to be further explored to expand the applicability of the
conclusions of this paper.
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Appendix A. Online Participant Consent Form

Title: COVID-19 vaccination intention survey
Declaration by Participant

® T have read the Participant Information Sheet or someone has read it to me in a language that I understand.

® ] understand the purposes, procedures and risks of the research described in the project.

® T have had an opportunity to ask questions and I am satisfied with the answers I have received.

® [ freely agree to participate in this research project as described and understand that I am free to withdraw at any time during the project without
affecting my future care or my relationship with the researchers.

® [ understand that I will be given a signed copy of this document to keep.

Declaration by Person performing the informed consent discussion

® [ have given a verbal explanation of the research project; its procedures and risks and I believe that the participant has understood that explanation.

Feel free to choose the following options according to your actual situation

® I willing to start the Q&A
® ] refuse to participant in the Q&A

Appendix B. The statistical principles of propensity score matching

From a statistical perspective, let the dependent variable values for members of the experimental and control groups be represented by Y; and
Yo, respectively, and let w be a binary variable where w = I represents individuals in the experimental group and w = 0 represents individuals in
the control group. Therefore, when an individual belongs to the experimental group, the value of E(Y;|w = 1) is observable as a factual event,
while the value of E(Yp|w =1) is a counterfactual event that cannot be observed. For instance, the impact of university education on an
individual who has received it cannot be observed under a hypothetical scenario where he had not received university education. Similarly, for
the control group, the value of E(Yy|w = 0) is observable as a factual event, while the value of E(Y;|w = 0) is counterfactual and therefore
unobservable. Thus, our objective is to determine the causal relationship between the differences in “fact” and “counterfactual” elements
among individuals in the experimental group, which can be calculated as a weighted average.

T =nalE(Yi|w = 1) — E(Yolw = 1)] + (1 = m)[E(Y1|w = 0) — E(Yo|w = 0)] A1)
The symbol 7 signifies the proportion of all individuals surveyed who belong to the experimental group.
Since counterfactuals are unobservable and the same group of people can only belong to either the experimental or control group, it is imperative to
fulfill the following non-confounding assumption when making causal inferences:

E(Y,|w =0) = E(Y;|w= 1)

E(Yolw =0) = E(Yo|lw=1)
The notion here is that a separate group of individuals in the control group can act as a representative for the counterfactual state of individuals in the
experimental group. Therefore, it is possible to simplify Equation (1) as follows:

T = E(Yy|w = 1) — E(Yo|w = 0)
In the context of a randomized experiment, the assumptions presented in equations E(Y;|w = 0) = E(Y;|w = 1) and E(Yo|w = 0) = E(Yo|lw = 1)
hold, since experimental individuals are assigned to the experimental and control groups in a random manner. However, it is worth noting that when
relying on observational data, the fact of randomization cannot be guaranteed. Thus, it becomes imperative to control for confounding variables as
much as possible to maintain the independence between variable w and variables Y; and Y, i.e.,

E(Yi|w = 0,x) = E(Yi|w = 1,x)

E(Y0|W = O’x) = E(Y0|W = 17X)
The variable x represents a confounding variable. As long as the confounding variable can be identified and controlled, w can be approximated
to be independent of Y; and Y, (Rosenbaum and Rubin, 1983), i.e.,

(Yo, Y1) Lw|x
At this stage, a specific propensity score P for the confounding variable x is obtained through logistic regression, leading to the following relationship:
E(Y1|lw=0,P) = E(Y;|lw=1,P)

E(Yolw = 0,P) = E(Yolw = 1,P)

In summary, it is possible to obtain an “approximate” fulfillment of the non-confounding assumption, thereby obtaining the desired causal inference.
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